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SUMMARY OF RESULTS

Results of tests and comparisons of materials between the three tracks
should be made with care and judgment. There were enough differences in
the tests, that in some cases, direct comparisons cannot be made. The
center track had truck tires while the inside and outside tracks had
passenger tires. Each of the tracks had different amounts of wheel passes.
Wheel paths #1-4 of the outside track had 542,357 passenger tire wheel
passes; wheel paths #5 and #6 had 1,627,071 truck tire wheel passes on
the center track. (Wheel path #6 had 1,396,935 studded truck tire passes
and 230,136 unstudded truck tire passes); while wheel paths #7 and #8 had
1,627,071 passenger tire passes. Also, the effect of speed with the
inside wheels traveling at slightly lower speeds than the outside wheels

could have affected the rate of wear.

A1l studded tires caused measurable wear on all surfaces of the test track.
Comparative wear ratios calculated only for the outside track (Table I)
show that the type #2 studs caused less wear than either the type #1 and
type #3 studs in that order. Pavement surface wear caused by unstudded
tires was essentially unmeasureable. It is interesting to note that even
though the type #1 stud didn't reach the desired pin protrusion because

of the Tow test speeds, pavement wear was still considerably reduced.

The portland cement concrete pavements showed more resistance to studded
tire wear than the asphalt concrete pavements (Table I and Figure I),
The skid resistance values were considerably lower for the portland

cement concrete pavements than for the asphalt concrete pavements (Table II).
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0f the asphalt concrete pavements, the Class "B" asphalt concrete
sections (100% passing 5/8" sieve) showed the most initial resistance

to wear by studded tires, followed by the Class "G" (100% passing 1/2"

sieve) and then the Class "E" asphalt concrete (100% passing 1%" sieve).

The Class "E" asphalt concrete with respect to maximum rut depth and
area removed at the end of test was slightly superior to the Class "G"

asphalt concrete (Figure I).

Tests made on the steel fibrous concrete overlays (w1rand(:>Concrete)
were to study different types of mix designs with respect to theirwear
resistance to studded tires. The w1rand<:)Concrete with 3/8" aggregate
(Section 0-2aC) proved to be the most resistant to wear from studs and
to be equal to the 1/4" polymer concrete overlay in Section 0-2bB and

regular portland cement concrete.

A1l the steel fibrous concrete sections showed superior skid resistance
values as wear progressed. (Table II) Under WSU test conditions, the
steel fibers in the studded tire wheei paths had a tendency to become
dislodged and spread over the track, and protrude somewhat out of the

pavement.

The gilsonite product (trade name, Gilsabind) rejuvenating treatment on
two of the asphalt pavements showed 1ittle or no improvement over the

regular asphalt concrete sections. (Table I) An initial reduction in

skid resistance was observed. Final skid resistance was comparable to other

asphalt types (Table II).

The surface materials showing the greatest resistance to studded tire
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wear tested were the different types of polymer overlay--the polymer
cement and polymer flyash concretes (Table I and Figure I). These
materials showed good resistance to all tire studs. However, their

skid resistance values decreased drastically with wear (Table II).

Different surface textures, formed while the portland cement concrete

was plastic, showed no great advantage for wear resistance. The reason
is that the textures probably consisted of sand-cement mortar deficient
in coarser aggregate, and thus had relatively 1ittle strength to resist

the tire studs.

The initial rate of wear was in most cases higher than the medium, final
and average rates for almost all test pavements. This indicatés that
there would be high initial wear which would slow down as stud protrusions
and tires wear down. In the real world, one might expect high wear rates
at the beginning of winter when tires and studs are new and progressively

slower wear with time.

Skid resistance values dropped with wear caused by the studded tires
(Table II). The portland cement concrete value reduction was particularly

noticeable and showed a polishing effect in the worn wheel paths.

The effect of studded truck tires was a high initial wear rate which
slowed noticeably. This was due to the fact that as the studded driving
truck tires wore a groove, the weight of the truss shifted to the free
wheeling truck tires. Hence the wear rates are not indicative of those

found elsewhere for truck studded tires.
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The wear rates and some results compared favorably with those obtained
at the American 0il1 Company tests, but seem to be low for those obtained -

from field highway data. This may be due to the conditions of tests.

Comparison of wheel path measurements with different methods and

procedures show that the results were quite comparable.

Poor construction weather effected some results; especially the 2.0 inch

thick polymer concrete, where epoxy replaced the cement in a regular -
portland concrete mix. Low temperatures resulted in poor bonding of the

aggregate which quickly came loose with wheel passes. Therefore, the

data on this material is excluded from this report.

The Idaho Chip Seal sections were also placed under extremely poor
weather conditions with the result that the chips did not adhere to the
rubberized asphalt. In areas where the chips were retained, the pavement
showed good resistance to tire studs. However data is sparse and

included whenever it was available (Table I).

( I

® Registered trademark of Battelle Development Corporation.
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TABLE IT -~ COMPARISON OF PERCENT REDUCTION IN SKID RESISTANCE VALUES

NUMBER OF WHEEL PASSES - PASSENGER TIRES

0o | 540,000

STUD TYPES, WHEEL PATHS & PERCENT REDUCTION !

SECTION TYPE AM2lus.| 2 | 93] 2 | #2 | 2 | #3]¢
1/8 Red.| 2/7 | Red.] 3 |Red.| 4 |Red.
I-1a PCC 47 | 34 28 | 27 |43 | -- |-- ]| -- | --
b PCC 47 | 38 19 |27 |43 | -- |-- | -] --
0-1bA 0.5" Wirand Conc. | 45 | 21 53 | 37 | 18 | 31 |31 | 28| 38
B 0.5" Wirand Conc. | 43 | 17 60 | 38 | 12 | 27 |37 | 30| 30
C 0.5" Wirand Conc. | 43 | 14 67 | 30 | 30 | 24 |44 | 23 | 47

D 0.5" Wirand Conc. | 45 | 18 60 | 28 | 38 | 30 |33 | 33| 27
0-2aA 1.0" Wirand Conc. | 44 | 22 50 | 31 | 30 |25 |43 | 33 | 25
B 1.0" Wirand Conc. | 46 | 23 50 | 34 | 26 | 30 [35 | 30| 35

C 3.0" Wirand Conc. | 46 | 25 4 | 30 | 35 | 25 |46 | 27 | 4
I-2aA 1/8" Poly. Cement | 41 | 30 27 116 | 61 | == [ == | == | --
B 1/8" Poly. Flyash | 25 | 22 12 |14 | 48| - |- ]| -] --
bA 1/8" Poly. Flyash | 23 | 29 (+26 | 13 | 43 | == |- | -- | --
B 1/8" Poly. Cement 25 126 | 4 14 44 - | -- -~ | --
0-2bA 1.0" Poly. Concrete 40 | 24 40 | 18 | 55 | 24 (40 | 16 | 60
B 0.25" Poly. Conc. | 38 | 27 29 |17 | 55 | 16 |58 | 18 | 53
I1-3a Class "E" A.C. 36 | 31 14 25 31 -— | -- -] --
b Class "E" A.C. 43 | 37 14 |27 |37 | - |--1]-]--
0-3a Class "E" A.C. 42 | 26 38 |32 | 24 | 28 |33 | 31| 26
b Class "E" A.C. Gils. 35 [ 23 | 34 | 35 0 |28 |31 |33 6
I-4a Class "B" A.C. 39 | 32 18 125 36 | - |--|-]--
b Class "B" A.C. 45 | 31 31 | 25 | 484 | - |-- | -- | --
0-4a Class "B" A.C. 40 | 24 40 | 28 | 30 | 22 (45 | 29 | 28
b Class "B" A.C. Gils. 26 | 30 |+15 | 39 |+50 | 30 F15 | 26 | o
I-5a Class "G" A.C. 34 | 30 12 | 32 6 | - |-- | --| --
b Class "G" A.C. 44 | 37 16 126 | &1 | - |- ]| --]--
0-5a Class "G" A.C. 40 | 31 23 | 40 0 | 32 |20 | 43| +8
b Class "G" A.C. 38 | 30 21 | 36 5 | 33 |13 | 33](13

1 Minus Values except where noted.
Taken from the entire section.

3 Means Stud Type #1, Wheel path 2 and 7.
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STUDDED TIRE
PAVEMENT WEAR REDUCTION AND REPAIR

INTRODUCTION

This final report presents results from data obtained from testing on
Ring #5 at the G. A. Riedesel Pavement Testing Facility at Washington State
University, Pullman, Washington, during the period from February 11, 1972 to
May 4, 1972. The purpose of this project was fourfold: 1) to determine
pavement surface wear caused by studded tires; 2) to evaluate the resistance
of different pavement materials and textures used in the states of Washington
and Idaho to wear caused by studded tires; 3) to test new pavement surface
materials, finishes, and overlays to reduce tire stud damage; and 4) study
the effect of studded truck tires on pavements.

This project, Y-1439, was initiated by the Transportation Systems
Section (formerly Highway Research Section) of the College of Engineering
Research Division, Washington State University and is financed by the
Washington State Highway Commission, Department of Highways, the Federal
Highway Administration of the U.S. Deparﬁment of Transportation as a HPR
federal aid research project; and the Idaho Department of Highways.

This project was divided into three phases: Phase I was to evaluate
the different pavement materials and surface textures during 1971-72, while
Phase II was to evaluate different pavement overlays during 1972-73 and
Phase III was to compare and analyze both studies to the real world. This
report is concerned only with Phase I as testing on Phase II is currently
in progress.

This report presents results obtained from all the data obtained from

Ring #5. It should be remembered that these results were obtained and mea-



sured under WSU test track conditions which may not make the conclusions

valid elsewhere.

BACKGROUND

Studded tires were first introduced in the Scandinavian countries
during the late fifties. In 1963, they were market-tested in North America,
and by 1964, were on the market. The result has been a general acceptance
of studs by the North American motoring public, who in general, have felt, e
rightly or wrongly, that studs in tires enhanced safety for winter driving. -
However, the increasing use of studded tires has resulted in some serious
problems; namely, in accelerated wear of highway pavements.

Much time and effort has gone into investigating the mechanism of the
studded tires (1,2,3,4,32). The performance of studded tires concerning
stopping distance, skid resistance, and maneuverability on ice and snow has
likewise been extensively investigated (4,5,6,7,8,9,10). The safety aspects
of studded tires has resulted in some controversy whether or not studded
tires prevent accidents. Normand (11) found little reduction in car accidents

by studded tire users, while Perchonok (12), in a statistical study, found

safety definitely enhanced by the use of studded tires for winter driving. =
Overend (13) has tried to cover the pros and cons of the studded tires for &
L

winter driving; there are side-effects which may négate these advantages
and may outweigh any safety considerations (5,7,8,14,26,31,32,35). However,
this report is not on studed tire safety except where skid resistance is
involved.

The Euroneans were first to notice the problem of pavement wear and
this was reported on by Jensen and Korfhage (15) and Hode Keyser (16). In

the United States, this problem was recognized early and was reported on by



Jensen and Korfhage of Minnesota (17), Burnett and Kearney of New York State
(18), Burke and McKenzie of I1linois (5), Bellis and Dempster, Jr. of New
Jersey (7), White and Jenkins of Oregon (19), and Lee, Page, and DeCarrera

of Maryland (20). The latter report also included some studies on studded
truck tires. The results of these reports were extensively studied by Cornell
Aeronautical Laboratory for the NCHRP (4). Other reports which summarized
studies performed in Europe and North America were by Hogbin of Great Britain
(21) and Rosengren of Sweden (22). Studies on both passenger and truck
studded tires were performed by the French (23); while studies using é test
track were made by the National Swedish Road Research Institute (24). The
Ontario Highway Department of Canada was perhaps the first to raise serious
questions on the economic consequences of studded tires in a series of reports
by Smith and Schonfeld (25,26). One of the results was that the state of
Minnesota with other contributing states sponsored research with the American
0i1 Company on studded tire effects. The results were presented in a series
of reports (27,28,29,30). The wear problem and the safety arguments have
been summarized by Smith and Schonfield (31). The overall problem of winter
damage as experienced in Europe and North America has been studied by the
Organization for Economic Co-operation and Develooment (32). These studies
all showed that studded tires caused various amounts of wear tc different
pavements which would have serious economic costs and cause some safety
problems. A1l these studies, except for the supplement study done by Speer
and Gorman (30), used the old type stud or the conventional type stud,

Type #3 stud in this report.



Research has also been focused on developing and finding a pavement or
pavement surfaces which are resistant to studded tire wear. The Canadians
have been quite active in this area. Hode Keyser (33,34),Smith and Schonfeld
(26), Fromm and Corkill (35) have reported on efforts to use different
pavement materials and establish design criteria from stud tire resistant
pavement. The Europeans have also been active and this is mentioned in .
several reports (22,24,32). The Minnesota Study (29) mentions some attempts
to study different pavement mixes. Industry has also been active in :
developing types of pavement resistant to studded tires (36). These studies
have tried to develop new types of resistant pavements by varying the asphalt
content, the aggregate gradation and size, chipseal coats, using harder
chip rock, and epoxy-mixture and polymeric materials. Although the’resu1ts
have been encouraging, the costs have been usually too high. The result has
been that studded tires have had 1imitations on their use placed on them (32)
or have been banned as in the Canadian province of Ontario and in several
United States states (37).

The state of Washington Legislature approved the use of studded tires

only in 1969. Washington state can be divided into winter north-south zones,

east and west of the Cascade Mountains. The latter area has generally mild
winters, mainly rain with little frost while the former area has been known
to have very severe winters with much snow and low temperatures. It is in

eastern Washington where studded tire use is most prevalent and most needed.

The effects of studded tires in Washington were first noticed on the highways

going through the mountain passes, on bridges, and then other highways (38,39).

The State Highway Department decided to study different studded tire wear

effects (a) on aggregates in Washington, which are generally harder than



(
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those used in previous studies elsewhere, (b) on their present pavements and
surface textures in use, (c) to obtain data on new types of pavements and
surface textures in use, and (d) to obtain data on new types of studs that
are presently being developed and introduced. This report is only concerned
with the items (a), (b), and (d) as item (c) is part of Phase II of this
research project. Washington State University was chosen because of its
location and because of the G. A. Riedesel Pavement Testing Facility.

The safety aspects of studded tires were not studied and are not considered,
except for skid resistance measurements. An interim report on some findings
from Phase I has been published (40); the complete findings are presented in

this final report.

DESCRIPTION OF TEST

G. A. RIEDESEL PAVEMENT TESTING FACILITY

The G. A. Riedesel Pavement Testing apparatus consists of three arms |
supporting a water tank. These arms revolve in a circle on three sets of
the dual tires. A 60 h.p. D.C. electric motor on each arm provides the motive
power. An eccentric mechanism enables the apparatus to move so that a
considerable width of the pavement can be covered by the test wheels.

The apparatus was extensively modified so that more tires could be
used for these test series. These modifications allowed the placing of two
sets of passenger tires on the existing frame, on the inside of the truck
dual tires, so that these tires could run on the inside track. The truck
dual tires ran on the center track; the studded truck tire was the driving
tire while the other was free wheeling. Two extension frames were bolted
on arms #1 and #2 so that two passenger tires were placed in such a way so

as to travel in four separate wheel paths on the outside track. A total



of 16 tires were mounted on the apparatus. An overall view of the facility,
with the apparatus, the modifications and the track is shown in Figure 1.
Figure 2 shows the arrangement of the tires and the modifications done to

the apparatus; Figure 3 is a close-up view of the frame extension with tires,
the modifications, and the center and outside tracks. The passenger car tires
each carried 1,000 pound loads, applied via load cells (see Figures 2 and 3),
and the truck dual tires carried 6,600 pounds on two of the arms; the load

on the truck dual tires on arm #3 was 8,600 pounds. These modifications

were made by the Applied Mechanics and Heat Transfer Section of the College

of Engineering Research Division and took four months.

A hydraulic braking system was installed on arms #1 and #2 on the two
inside passenger tires. Brakes were automatically applied at intervals of
62 seconds on and 4 minutes off on the alternate inside sections; these were
the inside "b" sections.

Three different types of studs were tested on the test track pavement
for pavement wear reduction. Two of them were supplied by the Kennametal
Inc. of Latrobe,Pennsylvania. These were the conventional type stud, hereby
designated type #3 stud and the controlled protrusion stud, hereby designated
type #1 stud. The latter stud has been designed so that the carbide pin will
move further into the stud body if, at any time, the protrusion of the stud
from the tire exceeds a critical limit. These studs type #1, maintain nearly
uniform protrusion through out their 1ife time. To maintain this critical
protrusion length and pin movement, certain dynamic impact 1imits have to be
attained to obtain this pin movement (41). These studs are 18 per cent in

weight lighter and have a 5 per cent smaller flange.
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Figure 2: A view of the Modifications and the Placing
of the tires on the three tracks.

s

Figure 3: A close-up of the frame extension and the
truck and passenger tires on the center and
outside tracks.

(I



The conventional stud, type #3, has a tungsten carbide pin in a stud body.
The pin does not move with impact and wears away less than the tire tread;
hence the stud protrusion will increase. These are the types of studs that
were on the market before the winter of 1973, |

The other type of stud tested was the Perma-T-Gripper manufactured by
Permanence Corporation of Detroit, Michigan. Hereafter it will be designated
as Type #2 stud. The tungsten carbide pin here has been replaced with a
composite material consisting of relatively small tungsten carbide chips in
a soft bonding matrix and is enclosed in a copper jacket. This composite
core wears within 10 per cent of the tire and maintains a minimal particulate
protrusion of approximately 0-020 inches or less according to the manufacturer
(42). It is supposed to wear as it is used, thus always exposing a consistent,

fresh, rough, short, stable surface.

TIRES AND STUD TYPES

A total of 16 tires were on the apparatus during the testing period;
6 truck tires, 3 of which were studded and 3 unstudded; and 10 passenger
winter snow tires, 4 unstudded and 6 with different types of studs. The six
truck tires used on the center track were size 11 x 22.5, inflated to 80 psi
air pressure; the three inside tires which were the driving tire had 240
type #3 studs; the three outside tires were free-wheeling and unstudded.
The Tlatter travelled in wheel path #5 while the former travelled in wheel
path #6. Since 3 tires travelled in the same path, this represented three
passes per revolution..

The 10 passenger tires were all G78 x 14 with winter snow tread design
made with oil-extended synthetic rubber; four were unstudded, four with

112 type #1 studs, one with 112 type #3 studs and one was with 112 type
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#2 studs. Each tire was inflated to 28 psi and carried a 1,000 pound
load.

The inside track had three unstudded and the three type #1 studded
tires. The studded tires travelled in wheel path #7 and the unstudded tires
travelled in wheel path #8. The inside track had three passenger car tires
revolutions in each wheel path.

On the outside track, four passenger car tires were used on four
different wheel paths. The unstudded, the type #1, the type #2, and the
type #3 studded tires were in wheel paths #1, #2, #3, and #4, respectively.
Each wheel path in the outside track had one pass per revolution. Figure 4
shows the eight different wheel paths. Figure 5 shows the studded and plain

passenger tires used, their tread design and stud arrangement.

TEST PAVEMENT CONCENTRIC TRACKS

Ring #5 consisted of three concentric tracks; the inside and outside
track were 3-5 feet wide and center track was 3.0 feet wide. The tracks
were divided into six sections of 43 feet lengths, which were further sub-
divided.

The pavement structure consists of 6.0 inches of asphalt treated base
and 6.0 inches of surfacing of different types. The center ring was constructed
of reinforced portland cement concrete with 12 different surface textures.
The inside and outside tracks were constructed of asphalt concrete consisting
of the types used by the Washington State Department of Highways and portland
cement concrete with different types of overlays. A total of 46 sections
were tested; 20, 12 and 14 sections in the outside, center, and inside rings,
respectively. Figure 4 shows the arrangement of sections of the test track,

and Table 1 shows the types of materials, their surface textures, lengths
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&
Figure 5: This shows the G78 x 14 studded and
unstudded passenger tires used, their
tread design and stud placement arrange-
ment. ‘
et e
.
Bolles
£ER

Figure 6: This shows the appearance of the asphalt
concrete rolled finish surface made from
plaster castings. ‘
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TABLE 1
RING #5 - TYPES OF SECTIONS AS BUILT

Types of Pavement Materials & Textures - Outside Track

Dimensions - Ft.

Section Type Texture Length Width
0-TaA Polymer Concrete-2"-Mix A Hand Trowelled Finish 3.0 3.5
B Polymer Concrete 2"-Mix A Hand Trowelled Finish 10.0 3.5
C Polymer Concrete 2"-Mix B Hand Trowelled Finish 9.0 3.5
0-1bA 1/2" Wirand Concrete - Mix 1 Light Transverse Brooming 7.5 3.5
B 1/2" Wirand Concrete - Mix 2a Light Transverse Brooming 5.0 3.5
C 1/2" Wirand Concrete - Mix 2b Light Transverse Brooming 3.5 3.5
D 1/2" Wirand Concrete - Mix 3 Light Transverse Brooming 6.5 3.5
0-2aA 1" Wirand Concrete - Mix 4 Light Transverse Brooming 7.5 3.5
B 1" Wirand Concrete - Mix 5 Light Transverse Brooming 7.5 3.5
o 3" Wirand Concrete - Mix 6 Plastic Grooving 7.5 3.5
0-2bA 1" Polymer Concrete - Mix C Hand Trowelled Finish 11.0 3.5
B 1/4" Polymer Concrete - Mix C Hand Trowelled Finish 11.0 3.5
0-3a Class "E" A.C. Rolled Finish 22.0 3.5
b Class "E" A.C. Gilsabind Rolled Finish 2.0 3.5
0-4a Class "B" A.C. Rolled Finish 22.0 3.5
b Class "B" A.C. Gilsabind Rolled Finish 22.0 3.5
0-5a Class "G" A.C. Rolled Finish 22.0 3.5
b Class "G" A.C. Rolled Finish 22.0 3.5
0-6a Idaho Chip Seal - C1 "B" A.C. Rolled Finish 22.0 3.5
b Idaho Chip Seal - C1 "B" A.C. Rolled Finish 22.0 3.5

(B

20 DIFFERENT SECTIONS
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TABLE 1

RING #5 - TYPES OF SECTIONS AS BUILT

Types of Pavement Materials & Textures - Center Track

Dimensions - Ft.

Section Type Texture Length Width
C-1a |Portland Cement Concrete-- | Heavy Longitudinal Brooming 21 3.0
Reinforced
o) " " " Light Transverse Brooming 21 3.0
C-2a |Portland Cement Concrete-- | Heavy Transverse Brooming 21 3.0
Reinforced
b " " " Burlap 21 3.0
C-3a |Portland Cement Concrete-- | Longitudinal Grooving 21 3.0
Reinforced
h ! ! . Light Longitudinal Brooming 21 3.0
C-4a |Portliand Cement Concrete-- | Transverse Grooving 21 3.0
Reinforced
b . " " Light Transverse Brooming 21 3.0
C-5a |Portland Cement Concrete-- |Light Plastic Grooving 21 3.0
Reinforced
b " " " Light Plastic Grooving 21 3.0
C-6a |Portland Cement Concrete-- | Medium Longitudinal Brooming 21 3.0
Reinforced
b . " " Light Longitudinal Brooming 21 3.0

12 DIFFERENT SECTIONS
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RING #5

Types of Pavement Materials & Textures - Inside Track

15

TABLE 1
- TYPES OF SECTIONS AS BUILT

Dimensions-Ft.

Section Type Texture Length | Width
I-1a [Portland Cement Concrete Heavy Longitudinal Grooving 20 3.5
b |Portland Cement Concrete Heavy Longitudinal Grooving 20 3.5
I-2aA [1/8" Poly. Cement Conc.-Mix C |Hand Trowelled 10 3.5
aB |1/8" Poly. Flyash Conc.-Mix D |Hand Trowelled 10 3.5
bA |1/8" Poly. Flyash Conc.-Mix D |Hand Trowelled 10 3.5
bB |1/8" Poly. Cement Conc.-Mix C |Hand Trowelled 10 3.5
I-3a |Class "E" A.C. Rolled Finish 20 3.5
b |Class "E" A.C. Rolled Finish 20 3.5
I-4a |(Class "B" A.C. Rolled Finish 20 3.5
b |Class "B" A.C. Rolled Finish 20 3.5
I-5a |Class "G" A.C. Rolled Finish 20 .
b |Class "G" A.C. Rolled Finish 20 3.5
I-6a |Idaho Chip Seal-C1 "B" A.C. Rolled Finish 20
b |Idaho Chip Seal-C1 "B" A.C. Rolled Finish 20

14 DIFFERENT SECTIONS

46 DIFFERENT SECTIONS
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and widths. Figures 6.7,8 and 9show the different textures obtained by
plaster castings; Table 2 gives the depths of these various textures.

The three tracks were constructed during the months of October and
November, 1971 under less than ideal construction weather. Some of the
polymer concrete overlays were laid down in December, January and February.
The result was that some of the sections suffered premature failure and
wear due to construction difficulties rather than to the materials themselves.
The design mixes and construction conditions and time tables are given in =

Appendix A. -

MEASUREMENT

Reference pins were installed in all the sections so that transverse
profile measurements could be taken. Profiles were made by the camera box/wire
technique developed by the Ontario Highway Department (25). A shadow of the
wire is superimposed on the pavement and the difference in wear between
successive readings can be detected. Due to the difficulty and length of
time needed to read and analyze the results from this technique, the readings
were used as back-up measurements and as a check on other techniques. Figures
10 and 11 shows pictures of this apparatus in actual use.

Another apparatus used to measure transverse profiles was the WSU

profilometer which is shown in Figure 12. This apparatus consisted of ten
fingers which travel across each wheel path. Each finger was connected to a
capacitor. Figure 13 shows these fingers. A direct current linear electric
motor drove the apparatus and the results were recorded on a brush recorder.
The driving mechanism is shown in Figure 14. The results are plotted on a
chart as a transverse profile of the section; any point on the chart represents

the average of ten different readings over a 3-inch wide span. The depth
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Figure 7: Plaster castings of P.C.C. surface textures
showing transverse brooming and grooving and
burlap surfacing.
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Figure 8: Plaster castings of P.C.C. surface textures
showing the different types of longitudinal
grooving.
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Figure 9: Plaster casting P.C.C. surface textures showing
the different types of longitudinal brooming.

Figure 10: The camera is being put into the camera-wire box.
Note that the Box is on a steel frame.
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Figure 11:

The camera-wire box is being used on the Idaho
Chip Seal Section.

Figure 12:

The WSU Profilometer with control and read-out box.



Figure 13:

Figure 14:

21

A view of the 10-fingers averaging measuring
device of the WSU Profilometer.

Top view of the driving mechanism of the WSU
Profilometer ‘
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of the apparatus was + 0.50 inches with an error of + 0.02 inches. Typical
curves are shown in Figures 15, 16 and 17. Most of the data presented in

this report were obtained from the WSU profilometer. The principle and design
of this apparatus is in Appendix B. A computer program was developed so that
the data could be analyzed on the basis of rate of wear, average area removed,
average and maximum net depths. The complexities of this program is in
Appendix C.

Depth measurements with a straight edge were also taken.

Temperature measurements using iron-constantan thermocouples were
used for measuring surface and air temperatures on a 48 multi-point Honeywell
recorder. A Belfort Thermograph was also used to monitor ambient temperatures.

Tire tread depth measurements and stud protrusion lengths were
also taken at regular intervals.

The California Skid Tester, loaned by Washington Highway Department,
was used to measure the skid resistance of the various sections and wheel

paths. Figures 18 and 19 show the California Skid Tester.
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Figure 18:

Figure 19:
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A view of the California Skid Tester being

used on a grooved section of P.C.C. Note

the tractor as the source of power and braking

device.
B
=

The California Skid Tester,



CONDITIONS AND LIMITATIONS OF TEST

TIME PERIOD

Testing started on February 11, 1972 and was terminated on May 4, 1972.
A total of 542,357 revolutions had been applied. This meant that 542,357;
1,627,071 and 1,627,071 wheel passes had been applied on the outside, center
and inside tracks. The late start was due to modifications made to the |
apparatus.

A total of 12,601 brake applications were applied on the "b" sections
of the inside track. Problems with the braking system did not allow more
applications.

The apparatus was in operation for a total of 1304 hours and 12 minutes;.
the rest of the time was spent in taking measurements, maintenance and repairs.
Figure 20 shows the time the apparatus was in operation with down times.

An abbreviated log of operations is shown in Appendix D.

SPEED

The speed of the apparatus was kept between 20-25 mph as shown in
Figure 21 and in Appendix D. The difference in wear occurring on the various
pavement surfaces prevented higher speeds. This limit on speed was one of the
real limitations of this test. This meant that the‘dynamic effect needed to
obtain pin movement in the type #1 to control protrusion Tength was not
achieved. Although this low speed is probably the speed that is common on
many city streets during winter, this speed is much less than what can be

expected on highways periodica]]y, even in the winter.

27



TIME APPARATUS WAS IN USE-HOURS

SPEED - MPH
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201 - “
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104

s 10 15 20 25 5 10 15 20 25 510 15 20 25 5 10

February March April May

FIGURE 21  SPEED OF APPARATUS DURING THE TEST

207 f
15-

=]
101 N ||
5 9 _
0

s 10 15 20 25 ' 5 10 15 20 25 ' 5 10 15 20 25 = 5 10
February March April May

FIGURE 20 THE TIME THE APPARATUS WAS IN OPERATION DURING
THE TEST
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ECCENTRICITY

Initially, the eccentricity was kept at zero inches. This was changed
to 0.50 inches total at 13,535 revolutions and then to 3.50 inches total at
62,357 revolutions. The eccentricity was increased so that tire grooves in
wheel paths could be eliminated. The closeness of the tires did not allow a
larger eccentricity. The wheel paths for the individual tires are shown in

Figures 22 and 23.

ENVIRONMENT AND TEMPERATURE

The WSU test track was operated in all weather conditions that occurred
during the testing period. The only abnormal condition was that the track
was kept clear of snow at all times. Snow was not allowed to accumulate on
the pavements. This was done to make sure that snow would not pack and
enhance the possibility of irregular wear on some of the pavements, e.g., snow
may pack on one of the sections, hence the tires would be running on packed
snow while elsewhere the tires would be running on bare pavement. This would
cause irregular wear and make wear comparison difficult.

Since the track was open to the elements, there was no control on the
temneratures. The temperature range is quite representative of the temperatures
that are found in this part of Washington during this time period. Figure 24
shows the maximum and minimum daily air temperatures and the amount of daily
precipitation that fell in the Pullman area. Table 3 shows the high, low, and
average ambient temperatures for the testing months.

Thermocouples measured the pavement surface and air temperatures around
the track. Data was taken around the clock at every hour and has proved too

voluminous to be included in this report. Therefore the temperature data
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FIGURE 24 DAILY MAXIMUM AND MINIMUM AIR TEMPERATURES AND DAILY
PRECIPITATION - Pullman NW
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TABLE 3
HIGH, LOW AND AVERAGE AMBIENT TEMPERATURES*

AmbientlTemperature °F AverageZAmbient Temperature °F
Month '72 Maximum Minimum Maximum Minimum
February 56 -4 38.8 27.6
March 66 28 49.6 35.0
April 70 27 51.2 34.0

*Palouse Conservation Field Station
1 Total Month
2 Monthly Average of Daily Maximum and Minimums
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is summarized in Table 4 and in Appendix E as maximum and minimum temperature

ranges for the portland cement concrete and asphalt concrete pavements.

RESULTS AND ANALYSIS b

STUD PROTRU$ION AND TREAD DEPTH
Frequent measurements of stud protrusion showed variations with the
different types of studé and over the length of test. Tread depth meaSurements
also showed variations. The results of the measurements are summarized in
Table 5 and in Figures 25, 26, and 27. -
The tires were removed after 25,756 miles. Even after these many miles,
there was quite a bit of tire tread remaining, although the stud protrusion
lengths had increased. In normal road use, a winter tire will usually last
about 10,000 miles before it has to be discarded. ! This is one of the
Timitations of the test track in that normal use could not be duplicated;
fast starts and sudden stops at various speeds could not be duplicated thus -
increasing the tire life. The tires on the test track were free-rolling except

for the driving truck tire in wheel path #6.

I

These limitations, along with the slow speed, increased 1ife of the
tire considerably. This low speed also caused the type #1 studs to have

higher than normal protrusion. Impact force needed to promote controlled

i1 8

protrusions was probably not great enough because the tire has to be driven
25 per cent or more at high speeds of 60-70 mph. This same problem was noticed

with the American 0i1 Company Test Track Tests by Speer and Gorman (30).

IMeasurements made on winter studded tires used on Washington State
University motor pool cars indicate that the average miles travelled were '
7329 and 6107 for glass belted and nylon tires was 8.6 and 6.5 (x 1/32 inches),
respectively. The final average stud protrusion, with type #3 studs, was
0.074 and 0.083 inches for the glass belted and nylon tires, respectively.

This research was conducted by the Transportation Systems Section staff.
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TABLE 4

HIGH, LOW AND AVERAGE SURFACE PAVEMENT TEMPERATURES

Surface . The
Pavement Temperature F February | March | April | Testin
Type For the Month & the Average Period
Portland MAXIMUM2 70.5 82 95.5 | 106
2
Cement MINIMUM 27.5 26.5| 25.5| 25.5
MAXIMUM3 50.3 60.9| 69.8| 64.4
Concrete Average ™ yrnrmum3 33.4 | 35.8| 33.6| 34.8
MAX IMUMZ2 74 91.5| 105 124
7
Asphalt MINIMUMS 27.5 25 24.5| 24.5
Concrete Average MAXIMUM3 54.6 66.5| 78.2 71.2
MINIMUM 33.9 35.7| 32.8| 34.3

1 This includes the 5 days the test track was in operation during May.
2 Total Month. ,
Monthly Average of Daily Maximums and Minimums.




enaged:iil -

by

o] st et

‘and| then| ay

Tt
M o W0 o Y
e
b s s e
OO
S~ B
s e
1o =
ey -
o
=
i

i
i

PROTRUSIG

ALEReRabaan]

o o
z z
N e Thrg
s R -~ = = \{=#
By o=t S L - T S S N
Of A —re— © s b Ly
oy (7] (7] [ w) w * g - y e
- T T @ T O = = %
S 35 S 3 -
[ - sP s ]
vy - w » v wm e AN
.4
0o o vV U oo : <
= o I3 I e ore - .
S S T N &l s
T oD D on o O \ ==
25555 N
.. RS -
T M M 1 1 M X S
> © © ,'W”,.
2 NN m E O O
v ~ O~ SN~ =, i e -
= OV Oy @ @ O Oy P . :
D e o QL Q. e o e

A
B

gl
c
¢l

)




sages suase

pusue sons

vd?f’

£ 4

da:tfen‘gferageg;:jf

s

then éiera

IRERS ERERS INN

and

!

30 Eeadings»}

‘:dwd;

GEND

A Unstudded

LE

B Type #1 Tread-----=nc---
C Type #1 Stud
|

- - Fey e 3 1 ey anii-a
s SN Spa SRy TN Sy ALY 1% ¥ R,
: + Y ==tk S
. - : o npes L=
e e FeeseSnata & = 4 ;
T : T ;
= = == S e
: ; : : ; : :
= s : T B eway st T T
L s N 1 | il L L i B i It A ~L . SR L




d

i

“ahd] than| averlages

Al DEF

o

1

ip Studs Tread OD—N

£ TR

T

B! 1970 Kengr

B

&—A Type #3

1970 Kengrip Studs

A Unstudded




39

Figure 27 and Table 5 show the type #3 studs used in the truck tires
had consistently Tower protrusions than for similar studs on the passengef
tires. This may be due to the weight on the truck tires which may have worn
the stud tips rabid]y thus resulting in a fairly consistent protrusion.

Figure 28 shows the appearance of the six passenger tires after
25,756 miles. Note the amount of tire tread left and the appearance of the
three tires used on the inside track; these are Tires #4, 5, 6 with the type
#1 studs. The left edges were worn down due to nibbling of the tire sides
and edges with the outside pavement rut sides; this also removed some of the
studs in this row. Tires #2 and 3, with stud types 3 and 2, respectively, also
show this same effect but not to the extent of the inside tire. Figures 29,
30 and 31 show the comparison of the different studs when they were new and
after they had been used for 25,756 miles.

From the above mentioned table and figures, it can be seen that the
type #2 stud had the least amount of protrusion, followed by the type #1
stud and then the type #3 stud. This is shown in Table #6.

SKID RESISTANCE VALUES

Skid resistance measurements were taken in each of the wheel paths.
The length of time needed to take these readings along with need for.dry pave-
ments surfaces for measurement precluded their frequency. However, the few
that were taken are summarized in Tables 7, 8, 9 for the outside, center, and
inside tracks, respectively. Table 10 shows the comparison of percent reduction
in skid resistance values between the section and different stud types.

The results show that the skid resistance values were reduced consider-
ably in the studded tire wheel paths. A comparison made from the Tables 7, 9

and 10 between the polymer concrete, the WirandQ@ concretes and portland
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Figure 28: Appearance of Passenger Tires after 25,756 Miles

Left to right: Tire #1 with type #2 studs in wp #3;
Tire #2 with type #3 studs in wp #4; Tire #3

with type #1 studs in wp #2 and Tires #5, 6, and 7
with type #1 studs in wp #7.

NEW OLD

Figure 29: Appearance of Type #1 Studs New and After 25,756 Miles



Figure 30:

Figure 31:
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New 01d

Appearance of Type #2 Studs New and After 25,756 Miles

01d New

Appearance of Type #3 studs New and After 25,756 Miles
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TABLE 10: COMPARISON OF PERCENT REDUCTION IN SKID RESISTANCE VALUES
NUMBER OF WHEEL PASSES - PASSENGER TIRES
0 | 540,000
STUD TYPES, WHEEL PATHS & PERCENT REDUCTION 1

SECTION TYPE A112] u.S. % #13] % #2 % #3 | %
1/8 Red.| 2/7 | Red. 3 | Red. 4 |Red.

I-la PCC 47 | 34 28 27 43 -— | -- -- | --
b PCC 47 | 38 19 27 43 -- | -- -- | --
0-1bA 0.5" Wirand Conc. 45 | 21 53 37 18 31 31 28 | 38
B 0.5" Wirand Conc. 43 1 17 60 38 12 27 |37 30 | 30
C 0.5" Wirand Conc. 43 | 14 67 30 30 24 | 44 23 | 47
D 0.5" Wirand Conc. 45 | 18 60 28 38 30 |33 33 | 27
0-2aA 1.0" Wirand Conc. 44 | 22 50 31 30 25 | 43 33 | 25
B 1.0" Wirand Conc. 46 | 23 50 34 26 30 |35 30 | 35

C 3.0" Wirand Conc. 46 | 25 46 30 35 25 |46 27 | 41
I-2aA 1/8" Poly. Cement 41 | 30 27 16 61 -~ | -- - | --
B 1/8" Poly. Flyash 25 | 22 12 14 44 - == -- | --
bA 1/8" Poly. Flyash 23 | 29 +26 13 43 - | -- - | --
B 1/8" Poly. Cement 25 | 26 4 14 44 -~ | -- -- | --
0-2bA 1.0" Poly. Concrete 40 | 24 40 18 55 24 | 40 16 | 60
B 0.25" Poly. Conc. 38 | 27 29 17 55 16 | 58 18 | B3
I-3a Class "E" A.C. 36 | 31 14 25 31 -~ | -- -] --
b Class "E" A.C. 43 | 37 14 27 37 -~ | -- -] --
0-3a Class "E" A.C. 42 | 26 38 32 24 28 133 31 | 26
b Class "E" A.C. Gils. 35 | 23 34 35 0 24 | 31 33 6
I-4a Class "B" A.C. 39 | 32 18 25 36 .- | -- -] --
b Class "B" A.C. 45 | 31 31 25 44 - | -- -— | --
0-4a Class "B" A.C. 40 | 24 40 28 30 22 | 45 29 | 28
b Class "B" A.C. Gils. 26 | 30 | +15 39 [+50 30 p15 26 0
I-5a Class "G" A.C. 34 | 30 12 32 6 - | -- - --
b Class "G" A.C. 44 | 37 16 26 41 -- | -- - | ==
0-5a Class "G" A.C. 40 | 31 23 40 0 32 |20 43 | +8
b Class "G" A.C. 38 | 30 21 36 5 33 |13 331 13

1 Minus Values except where noted.

Taken from the entire section.

3 Means Stud Type #1, Wheel Path 2 and 7.
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cement concrete sections shows that the polymer concrete sections had the lowest
skid resistance values, with portland cement concrete next and the Wirand(:>
coricrete sections last. A comparison between the asphalt concrete sections
show that the Class "G" A.C. had the highest skid resistance values followed

by the Class "B" and the Class "E" asphalt concretes in that order. The

asphalt concrete pavements had.on the average, higher skid resistance values -

at end of testing than the portland cement concrete and the different polymer
concrete sections, with the exception of the Wirand(E)concrete sections. =
The portland cement concrete sections in the center track as shown in Table 8
suffered drastic reductions in skid resistance values.

Examination of the different types of studs on skid resistance show
that the type #3 stud Towered skid resistance values in the wheel path on
comparable sections more than did the type #1 or # 2 studs. The unstudded
tires caused skid resistance values to drop; their values were lower than in
the studded tire wheel paths in almost all the outside track sections.

This can be seen in Table 7 and 10. The studded truck tires really reduced
the portland cement concrete skid resistance value drastically. Since the
Washington State Highway Department considers pavement surfaces with skid

resistance values of less than 25 to be dangerous, the three tables show that

many sections in the different wheel paths at the end of the test had values

less than 25.

MEASUREMEMENTS OF WHEEL PATHS

a) Profilometer Measurements

Each profilometer chart and section profile was transferred onto computer

cards. A computer program was developed to obtain certain data. The results
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were obtained from the computer in a typical format as shown in Appendix F.
Three typical formats are included for the various sections. The

computer also plotted typical cross-sections for each of the tracks, the wheel
path and wheel passes.

The final results are summarized in a series of tables. Tables 11 and
12 summarize the profilometer for the concrete type and asphalt type section
on the outside track respectively. The different Wirand(E)concrete sections
can be compared with the two polymer concrete sections in Table 11. Several
of the Wirand® concrete sections, especially 0-2aC, did as well or better
than the polymer concrete sections in all the wheel paths. According to
Table 12, the Class "E" asphalt concrete seems to be superior than the
Class "G" or Class "B" asphalt concrete pavements in all the wheel pésses.

The final results for the inside track are summarized in Table 13 for
the concrete types and Table 14 for the asphalt types. The polymer concrete
sections seemed to weaf better than the portland cement concrete pavements
as shown in Table 13. The Class "B" asphalt concrete seemed to be superior
to the Class "E" and the Class "G" aspha]f concrete pavements, respectively.
This was reverse of the findings on the outside track for the type #1 stud
wheel path. The brakes were applied to the inside "b" sections; unfortunately
too few applications were made so that it is difficult to assess the effect
of braking.

Table 15 shows the data summarized from the center track and the truck
tires. From the results, it is difficult to evaluate the effect of the
different portland cement concrete surfaces. It should be noted that the
wear was less than for portland cement concrete sections on inside track.

This was due to apparatus, and it is felt that once the driving inside studded
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tires wore down a groove,the weight of truss shifted to the outside unstudded
truck tires. This was shown by the extreme slowing of rate of wear and by the
rapid wear to outside truck tires. This was due to the design of the apparatus
and could have been avoided if the studded tires had been installed on the
outside wheel path.

Tables 16, 17 and 18 show the maximum rut depth values obtained using
four methods. Methods 1 and 2 were obtained usjng profilometer charts and
data; and it can be seen that the values were quite similar to the other two
methods, the photo-wire measurements and straight-edge.

The profilometer had some limitations. Since no reference pins were
used, this caused the same problem of lining up the starting positions and
caused much unnecessary work for the analyst. Maximum depth that the profil-
ometer could measure was 1.00 inch but this was frequently limited to about
0.75 inches, and hence some deep rut values may be less than obtained using
different methods. However, the profilometer readings proved to be quickest
to take and hence most of the results are based on this method.

b) Photo-wire Picture Measurements

This method was used mainly as back-up measurements for the profilometer
readings, and thus all the rolls of film were not analyzed. A typical strip
of film for one of the sections is shown in Figure 32. The data was handled
similarly to the profilometer readings and was analyzed by computer. Some of
this data, concerning maximum rut depth, is shown in Tables 16, 17 and 18.
The results indicate measuring method variability.

Reference pins were used for placing the camera box frame. It was
found that the frame was too short to take all the pictures frames on the

outside track. The frame was built before the plans to have four wheel paths



56

S34N39Ld 94 LM-030Udwous 483ndwo) Aq pajndwo) :g#
*sfuLpead G o abeusay S}J4Ry) 4933WO|LI04d WOAS 493ndwo) Aq pandwo) :z#
‘9bp3-2ybLed3s Aq paJnsesy :p# Poyisy S34RY) JU9IBUWO| LJ04d WOLS paunsedly :Ll# POYyisy
05°0 == == G2 0 == - -- 9€°0 == == -- 9¢’ -- -- - q
99°0 | €9°0 == == 62°0 | LE'O == == €€°0 | 92°0 == -- == Loy =-- -- e9-0
860 | G9°0 | 26°0 | 95°0 | 62°0 | 22°0 | ¢22°0 | 9L'0 | €¥°0 | Ov'O |8BE'O | 9€°0 == 90°0|20°0| 20°0 q
6v°0 | Lb'O | 20°0 | 66°0 | ¥2°0 | 92°0 | 02°0 | 02°0 | 6€°0 | €€°0 | 0€°0 | LE'O == €0°0 |#0°0 | 20°0 eg-0
v°0 -- vp°0 | ¥P°0 | G270 == ¥2°0 | 6L°0 | 6£°0 -- 8€'0 | LETO -- -- |80°0]20°0 q
b0 -- b0 | ¥P°0 | G270 - $2°0 | 6L°0 | GP°0 | €p°0 | 8€°0 | SE'O == -- |¥0°0|20°0 ey-0
90 == €v°0 | ¥#°0 | 92°0 | €2°0 | €2°0 [ L2°0 | 9¢°0 [ 0E0 [2€°0 | 62°0 == €0°0 |¥0°0| 20°0 q
90 -- 6€°0 | OF°0 | 92°0 - 8L'0 [ 02°0 | 9€°0 - LE0 | LE"O -- -- 190°0| 20°0 ee-0
l2°0 | 62°0 | 02°0 | 02°0 | 6L°0 | 02°0 | le°0 |[8L0 | €2°0 |LL°O |00 |PL°O} ~-- 60°0 {G0°0| SO0 |
ev°0 - == 20 | 6L°0 | 8L°0 | SL'O | SL°0 | 0E"0 |2€°0 |0E"0 |£2°0 == 80°0 {€0°0| €00 ¥q2-0
[2°0 | 0£°0 | GL°0 | 9L°0 | 6L°0 | L2°0 [¥L°0 [ 6L°0 | Le"0 | 220 |9L°0 |SL°O == L1°0 |60°0| 20°0 J
GE'0 | G2°0 | ¥€'0 | OP°0 | €L°0 | LL°O | 9L°0 | GL°0 | 62°0 | 0€°0 |¥2°0 |62°0 == 80°0 |¥0°0| S0°0 |
GE'0 | G€°0 | 9€°0 | 9¢°0 | 62°0 | €2°0 | 9L°0 | ¥L°O | LE'O | LE'O | SE'0 | €E"O == L0°0 |S0°0| ¥0°0 vee-0
62°0 == €€°0 | 2¢°0 | SL'O -- GL°0 | €EL°0 | S¢°0 == 82°0 | L2°0 - == |S0°0| %00 a
€€°0 |.9¢°0 | 00 | 62°0 | €L°0 [ 2L°0 |2L°0 | ¥L°0 | €2°0 | G20 |[0€°0 [82'0 == 2¢0°0|20°0| 20°0 J
8€°0 -- 9¢°0 | 8€°0 | GL°0 | LL°O [9L°0 | #L°O | £2°0 | 82°0 |92°0 |0€°0 - €0°0 |¥0°0| 20°0 |
8¢°0 | Ob°0 | LE°0 | 2€°0 | €L°0 | SL°0 [ 6L°0 [ 2L°0 | 00 | £2°0 | 0€"0 |¢22°0 == §0°0 | L0°0 | 200 ¥qL-0
b# E# o L# b# X a# L# b# e ot L# v# e# e# L#
(SCOHL3NW ONIYNSY INW NOILI3S
v# dM - €# 9dAL pms €# dM - 2# 9dAL pmig Z# dM - L# 9dAL pmsS L# dM - Peppn3sun

= S3HONI - HIVYL 3AISLNO -

SQOHL3IW IN3Y3441IQ 9INISN SHIdIA LNY WAWIXYW TYNIJ 40 NOSI¥YAWOD 9| 379Vl




57

sbulpead G jo abeddae - abp3 Jybleals Aq paansesy :p#
Saun3old S4LM-030yd wod} pajndwo) :¢g#
mp;m:u A318UO| LJ0dd WOU4 4d3ndwo) Aq pejndwo) :g#

S3deY) J2IBWO[LJ04d WOLS paunsesy :L# pPoyisy L

€2°0 | L2°0| 120 8L°0yf -- | ¥0°0 | ¥0°0 | 20°0 futwooug °6uoT 3ybL7 39d q
€2°0 | 62°0 | €2°0| L2°Of ~-- | 900 | S0O°C | 20°0 Bulwooag °6uoT -paW 32d 29-)
92°'0 | 82°0 | 81°0 | 220y -- | vL'0| 90°0 | ¥0°0 Butaooug aL3sejd 3ybL7 90d q
$2°0 | 22°0 | 12°0| 220} ~-- | 60°0 | £L0O°0 | 20°0 BuLAoouy ot3seld 3ybL7 33d eG-)
€2°0 | ¥2°0 | 12°0 | 220y ~-- | S0°0 | €0°0 | 20°0 BuLaooug ssasasued] JybLT J9d q
92°0 | 92°0 | L2°0| €2°0f -- | 2L°0 | 2070 | 20°0 BuLaoouy 8suadAsued] JId ep-0
02°0 | ¥€°0 | L2°0 | 6L°0} ~-- 90°0 | S0°0 | ¥0°0 butwooug -6uo 3y6L7 J3d q
0£°0 | L2°0 | 92°0| €20y -- | €L°0| 60°0 | 20°0 fuLroodg [eulpn3Lbuol 934 eg-9
02°0 | -- | 02°0| 02°0] =-- | €0°0 | S0°0 | €0°0 dejuang 32d q
G2'0 | 6L°0 | 6L°0 | 02°0] -- | SO0 | €0°0 | SO0 Bulwoodg @sudasued| AAedH 9d e2-)
G2°0 | G2°0 | S2°0| ¥2'0] ~-- | S0°0 | 20°0 | SO0 bulwooug ssdaAsued] ybL7 92d q
92°0 | G2°0 | 22°0 | ¥2°0} ~-- | L0°0 | 90°0 | 20°0 butaoouy -buoq AAesH 924 e[-)
v# e# o# T# v# c# Z# L# STUNLYIL

I SAOHLIW HNIYNSYIW 30V4UNS ANV TYI¥ILYW 40 IdAL | NOILI3S

9#dM - €# IdAL GNLS RIIL NINYL|S#dM - GIAANLSNA FIIL NINY¥L

- sayoug

yoed] 4a3ue)

SQOHLIW LNIYIJ4IQ 9INISN SHLMIA LNY WNWIXYW TYNI4 40 NOSIHYdWOI LL 374Vl




58

sbutpeas G jo abeddAe - abp3 JybLeals Aq padnsesly :p#
S9UN3ILd DALM-030yd wouy pandwo) :E#
S1dReY) JDIBUWO| L40dd WOdy udIndwo) Aq pajndwo) :zZ#

S74BY) 4D8WO[LJ04d WO pBANSedy :|# POYIaW

L

[2°0 | 60°0 [ -- -~ 1 €6°0 | §9°0 [ -- - Leas diLyy oyep] q
1z'o| -- - -- |eg0| -- -~ -- Leas diyy oyepl e9-1
-- -- | 50°0 | 2000 | 86°0 | 28°0 | 18°0 | ¢8°0 "2'V W9, Ssel) q
-- -- | €0°0 | 20°0 | 86°0 | 88°0 | L6°0 | 88°0 'Y 9. SSeLD eg-]
-- -- -~ | €0°0 | 180 | SL°0 | SL°0 | SL°O *3°Y .4, sseld q
-- -~ 1 60°0 | €00 | ¥8°0 | 99°0 | 2,70 | 69°0 *3°Y .9, Sseld ep-]
-- -— -- | €0°0 | €8°0 | €8°0 | 18°0 | 8£'0 *2°Y .3, Sseld q
-- -- -~ | #0°0 | 08°0 | 1870 | 84°G | LL0 "3°Y 3. SSeL) eg-]
-- -- -- | 20°0 | S2°0 | 22°0 | 220 | 22°0 jusws) *Alod ,8/1 g
- -- -- €0°0 | £L°0 | £L°0 [ 9L°0 | LL°O yseAr4 -Alod ,8/1 Va2
-- -- -~ | €0°0 | S2°0 | €2°0 | ¥2'0 | €2°0 yseAl4 *Alod ,8/1 g
- oy -- | €0°0 | £2°0 | €€°0 | S2°0 | ¥2'0 juawa) *Alod ,8/1 yez-1
-- -~ | G0°0 | 20°0 | 6€°0 | 8v°0 | 92°0 | 2€°0 | BuitAoodg [eulpnjLbuo] AAedH J3d q
-~ -- -- | 20°0 | OE°0 | ¥#°0 | 2670 | 82°0 | buLraooug |eulpniibuo AAesH 294 el-1
vt | e# | o L# v# e# o# L# STALYAL
SAGOHLIMW 9NIYNSYIN NOILJ3s

L

8#dM - G30GNLSNA |

L#dM - L# 3dAL ANLS

AIVANS ANY TWIY3LVW 40 3dAL

SOQOHLIW INFY34410 9NISA SHLAIA LNY WNWIXYW TVYNI4 40 NOSIHVAWOD gL 319Vl

- S3YduJ - yoed] spLsuy -




suoLgeoL|dde [@3ym [Z€°2HS - snjededdy
9 L404d d4LM-030Yd 3Y3 woJj pauleliqQ
saun3otd 40 sojdues [edLdA] swos 2Z€ FANII4

ec-0

59

eg-)

NOILJ3S L# dM 9# dM

eg-1 U0L199S




60

was finalized. The punch card operator found that the picture seemed to be
more difficult to put on computer cards and more time was needed than for the
profilometer charts. In the field, it took more time and manpower to operate
and take picture frames of the sections. For these reasons this apparatus

was used as a back-up equipment.

¢) Straight-edge Measurements

These measurements were taken only at the end of the test, mainly to
check the measurements obtained with other means. Each reading répresents an
average of five measurements in different locations of each section. The
data is represented in Tables 16, 17 and 18. The values were within reason
except for the unstudded tires. This method could not be used for measuring
unstudded tire wear.

The problem of using a straight-edge are that a smooth transverse
surface is assumed which may not be correct, and the 1imit of measurement
was to the nearest 1/16 of an inch. For these reasons, the use of a straight-

edge was minimized and was used for comparison purposes.

PHOTOGRAPH SERIES

The use of photographs can show up many unusual features which data
cannot bring to light. Hence a series of photographs are included for compar-
ison purposes. Before and after photographs of the different sections are
shown in Figures 33-44. Figures 33 and 43 are interesting in that they depict

the miniature failures of the polymer concrete and Idaho chip seal sections,
respectively. Figures 33 (a) and 37 (a) at 600 w.a. show the initial wear
due to studs which looks worse than it is. The wear at 600 w.a. was unmeasure-

able. Figure 37 (b) shows that the eccentricity had to be increased



(b) After 542,321 w.a.

(a) After 600 w.a.

Note that at 600 wheel

The appearance of Section la after the test.

Figure 33

applications, the stud tires had scratched the surface of the pavement.

Also note that the polymer concrete sections on the outside track had

deteriorated due to poor construction.
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(b) After 542,321 w.a.

(a) zero w.a.

Note the wear in the

The appearance of section 1b after end of test.

different wheel paths.

Figure 34
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since there was an unworn ridge in the center of the wheel paths.

Cross-section views with a straight-edge at the end of test are shown
in Figures 45-55. Each figure shows three different sections and the wear by
the different studs and materials can be compared.

Plaster castings were taken of sections I-la, I-4a, 0-2bB, 0-4a and C-3a
and these are shown in Figure 56. These castings show the wear caused by the
different types of studs and also shows how the different materials withstood

the studded tires.
COMPARISON OF RESULTS
PORTLAND CEMENT AND WIRAND<:)CONCRETE SECTIONS

These were compared in Table 19. Since there were no portland cement
concrete sections in the outside track, the portland cement concrete values
had to be calculated from the inside track which only had the type #1 studs
effects. With these limits in mind, the Wirand(:>concrete section 0-2ac,
which had regular concrete aggregate, compared favorably with the portland
cement concrete as far as wear was concerned and had superior skid resistance
values (see Table 10).

This same w1rand(:)concrete section was also superior to the other
sections as shown in Table 11, 16 and 19 under conditions of tests and the
various stud types.

A disadvantage of the steel fibered concrete section was that the steel
fibers worked loose and spread over the track. Figure 57 shows this effect.
The steel fibers in wheel paths 2, 3 and 4 stuck out of the pavement which
may cause tire punctures under some conditions. It should be mentioned that

(text continued on page 88)
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(a) Wheel path #2 and 3 caused by
stud types #1 and 2 respectively.

(b) Close up of wheel path #2 and 3
caused by stud type #1 and #2,
respectively.

(c) Wheel path #4 and 3 caused by
stud types #3 and #2 respectively.

FIGURE 57

Close-up top view of WirandC:)Concrete
Section 0-1bB after 170,000 wheel
applications. Note the loose steel
fibers and those sticking out of the
pavement.
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this effect was not noticed under the unstudded tire in wheel path #1.

POLYMER CONCRETE SECTIONS

Comparison of the different polymer concrete sections are shown in
Table 20 and in Tables 11, 16, and 18. A1l these tables show that the inside
sections were superior for wear characteristics. The polymer concrete put in =
Sections 0-1aA, 1aB and 1aC showed premature failure due to bonding failure.
This is shown in Figures 33 (a) and (b). The mix C design, which is explained
in Appendix A and Table A-6, seems to be the superior of the polymer concrete
mixes tested.

Although the polymer concrete sections wear resistance was good, their
skid resistance values with wear were very low as shown in Tables 7, 9 and 10.
Their skid resistance characteristics have to be improved if these materials

are to have any future in highway use.

PORTLAND CEMENT, WIRAND ® CONCRETE AND POLYMER CONCRETE SECTION
Tables 19 and 20 show that the inside polymer concrete sections were
superior to both the portland cement and outside polymer concrete sections. This is
for the type #1 stud. As deduced from Table 19, the portland cement concrete
sections were equal to the best Wirand ® concrete section 0-2aC. ‘ -
Skid resistance values show that the Wirand ® concrete sections were : -
superior with wear as compared to either the portland cement concrete and

polymer concrete sections.

THE ASPHALT CONCRETE SECTIONS
Both the inside and outside tracks have to be compared. On the basis
of the inside track results alone as shown in Table 14, the Class "B" asphalt

concrete sections were superior in wear characteristics to the Class "E" ‘ _
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and Class "G" asphalt concrete sections. The results are drawn in Figure 58,
which shows that the Class "G" asphalt concrete was superior to the Class "E"
until 1,120,000 wheel applications.

Comparing the different asphalt concrete sections from Table 12, it is
difficult to say which one is best as they are fairly equal. The Class "E"
asphalt concrete section may be better. Very little can be said about the
effect of Gilsabind as it did not reduce wear.

From Table 21, the Class "B" asphalt concrete section was superior to
the other on the inside track; while on the outside track, the Class "E" asphalt
concrete was superior. Overall there was not that much difference, but since
the inside track had three times more wheel applications, the values here
should govern.

The skid resistance values, as shown in Tables 7, 9 and 10 were reduced
in value but not as much as compared to the portland cement and polymer concrete
sections. Of the asphalt concrete sections, the Class "G" asphalt sections |
seem to have suffered less reduction in skid resistance than the other two
asphalt concrete types. The Gilsabind treatment initially lowered the initial

skid resistance values, which after wear, seemed to be in the same range as

the other asphalt concrete sections. :

ALL THE SECTIONS -
Figure 58, based on the inside track, shows that the polymer concrete B

sections showed the least wear, followed in this order by portland cement

concrete, Class "B" asphalt concrete, Class "E" asphalt concrete and the Class

"G" asphalt concrete. The Wirand® concrete would Tie somewhere between the | _ -

Class "B" asphalt concrete and the portland cement concrete.
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TABLE 21

COMPARISON.l OF ASPHALT CONCRETE SECTIONS

92

UNITS

PARAMETERS I-3a I-3b 0-3a 0-3b

Area Removed sq. inches 2.30 2.64 2.22 2.25
Rate of Wear in./106 w.a. | 0.443 0.504 0.422 0.423
Maximum Depth inches 0.40 0.38 0.31 0.32
Average Depth inches 0.24 0.27 0.23 0.23
PARAMETERS UNITS I-4a I-4b 0-4a 0-4b
Area Removed sg. inches 1.44 2.01 2.66 2.74
Rate of Wear in./106 w.a. | 0.281 0.382 | 0.511 | 0.535
Maximum Depth inches 0.22 0.30 0.38 0.38
Average Depth inches 0.15 0.21 0.28 0.29
PARAMETERS UNITS I-5a I-5b 0-5a 0-5b
Area Removed sq. inches 2.07 1.56 2.15 2.82
Rate of Wear in./106 w.a. | 0.396 0.298 | 0.405 | 0.539
Maximum Depth inches 0.32 0.23 0.30 0.38
Average Depth inches 0.21 0.16 0.22 0.29

1 For 542,357 wheel application (w.a.) and stud type #1.
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BRAKING EFFECT

Brakes were applied to the inside"b" sections only. The results show
.that there was very little effect on wear. This is due to the few brake
applications; if more had been applied, wear rates and effects would have

been greater.

WEAR RATES

Wear rates were calculated for the outside, inside, and center track.
Four rates were calculated in inch/106 wheel applications. These were Initial
Average Wear Rate (IAWR) based on 0-30% wheel applications (w.a.); Middle
Average Wear Rate (MAWR) based on 30-60% wheel applications; Final Average
Wear Rate (FAWR) based on 60-100% wheel applications. Wear rates for the
unstudded tires were insignificant as well as practically immeasureable.

The outside wear rates for the three types of studs are shown in Table 22
and in Figures 59-67. These graphs and table show that the initial rate in
most cases was higher and that it decreased. This decrease is attributed
to pavement-tire stud interaction as either or both change from new

to used condition. The type #3 stud showed the highest wear rates, followed
by the type #1 and the type #2, respectively; this was true in most cases with
a few exceptions. Figure 68-71 for some selected sections show this wear and
confirm the wear rates.

Table 23 shows the different wear rates for the inside track. Here. too,
the TAWR was usually higher than the MAWR or FAWR. The asphalt concrete sections
showed the more constant wear rates throughout than the other inside sections.
Figures 72-76 show that wear rates for the asphalt concrete sections was at a

fairly constant rate.
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TABLE 22 WEAR RATES IN INCHES/]O6 WHEEL APPLICATIONS OUTSIDE TRACKS
PROFILOMETER DATA

SECTION INITIAL1 MIDDLE2 FINAL3 OVERALL4
O1bA
WP #1 U.S. 0 0 0 0
WP #2 .384 .616 .185 .367
WP #3 .349 .165 .104 .195
WP #4 .603 .667 .158 .439
01bB
WP #1 0 0 0 0
WP #2 .535 .286 213 .330
WP #3 .346 .012 .082 .143
WP #4 .850 .278 .230 .432
01bC
WP #1 0 0 0 0
WP #2 .514 .386 .280 .382
WP #3 177 .116 .085 121
WP #4 .550 .190 .252 . 328
01bD
WP #1 0 - -- 0
WP #2 .325 -- -- . 365
WP #3 .352 -- -- . 181
WP #4 777 -- -- . 378
; 0-30% = Initial
3 28:?85% : g}gg}e of 5.4 x 10° wheel applications
4 0-100% = Overall
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TABLE 22 (Continued)
PROFILOMETER DATA

AVERAGE WEAR RATES IN IN./10® WHEEL APPLICATIONS

SECTION INITIAL] MIDDLEZ FINALS OVERALL4
N2aA
WP #1 -- -- 0 0
WP #2 - - .291 . 446
WP #3 -- -- 117 177
WP #4 - -- .269 .415
02aB
WP #1 -- - 0 0
WP #2 -- - .182 .337
WP #3 -- - .034 .145
WP #4 - - .217 .444
02aC
WP #1 - -- 0 0
WP #2 -- -- .086 .203
WP #3 -- - .047 137
WP #4 - -- 121 .162
02bA
WP #1 - -- 0 0
WP #2 -- - .232 .409
WP #3 - .- .066 A7
WP #4 - - -- --
) 0-30% = Initial
5 30-60% = Middle | of 5.4 x 105 wheel applications
60-100% = Final
4 0-100% = Overall
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TABLE 22 (Continued)
PROFILOMETER DATA

AVERAGE WEAR RATES IN IN./106 WHEEL APPLICATIONS

SECTION INITIALL MIDDLE2 FINAL3 OVERALL#
02bB
WP #1 0 0 0 0
WP #2 .259 .186 LM .178
WP #3 .552 137 .106 .254
WP #4 .334 .224 .126 .218
03a
WP #1 0 0 0 0
WP #2 .789 .726 .178 .513
WP #3 .496 .341 N .295
WP #4 1.099 .407 .256 .553
03b
WP #1 0 0 0 0
WP##2 .710 .536 .246 .472
WP #3 .392 .153 .223 .256
WP #4 .929 712 .126 .529
04da
WP #1 0 0 0 0
WP #2 1.044 .698 .296 .632
WP #3 .455 .221 .065 .227
WP #4 1.335 .671 135 .645
) 0-30% = Initial |
3 282?3372 ﬁ}ﬁg}e of 5.4 x 10° wheel applications
4 0-100% = Overall
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TABLE 22 (Continued)
PROFILOMETER DATA

AVERAGE WEAR RATES IN IN,/106 WHEEL APPLICATIONS

SECTION INITIALL MIDDLE2 FINAL3 OVERALL4
N4b
WP #1 0 0 0 0
WP #2 .710 .488 .218 .447
WP #3 .420 .186 .109 .228
WP #4 1.032 .549 227 .568
05a
WP #1 0 -- -- 0
WP #2 521 -- -- .367
WP #3 .394 -- -- --
WP #4 .880 -- -- .542
05b
WP #1 0 0 0 0
WP #2 .783 .583 . 158 .472
WP #3 .487 .201 .046 .227
WP #4 1.499 .556 .517 . 826
; 0-30% = Initial |
3 gg:?gé%: g}gg}e of 5.4 x 10° wheel applications
4 0-1002 = Overall
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Section O01bA

Figure 59

" Wirand Concrete - Mix 1
Summary After 542,357 Wheel Applications
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Average Rate of Wear - 1n.2
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Section 01bB 4" wirand’Concrete - Mix 2a
Summary After 542,357 Wheel Applications
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* Wear Rate Due to Unstudded Tires Insignificant or Immeasurable.
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Figure 61

SEC 01bc %" Wirand Concrete - Mix 2b

Summary after 542,357 Wheel Applications (WA)
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SEC 02bB %" Polymer Concrete
1 Summary after 542,357 Wheel Applications (WA)
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* Wear Rates Due to Unstudded Tires Insignificant or Immeasurable
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Figure 63

Section 03a Class "E" A.C.
Summary After 542,357 Wheel Applications (WA)
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* Wear Rate Due to Unstudded Tires Insignificant or Immeasurable.
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Figure 65
Section 04a Class "B" A.C.
Summary After 542,357 Wheel Applications (WA)
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Figure 66
Section 04b Class "B" A.C. Gilsabind
Summary After 542,357 Wheel Applications (WA)
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* Wear Rate Due to Unstudded Tires Insignificant or Immeasurable.
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a.

Average Rate of Wear - in.2/106 w.

Figure 67
05a CLass "G" A.C.

15

14 ]

13 |

12 F

11

16 |

9-

8_

7F [

6-

s 1 ray - Ay

1| ol = Nie;

RN NE

Lol H | L alo

1 | a:l Ne
DO A A)[@)
I II 111

STUD TYPE*

Initial Average Wear Rate
(0-30% WA)

Middle Average Wear Rate
(30-60% WA) :

O ] []

Final Average Wear Rate
(60-100% WA)

Overall Average Wear Rate
(0-100% WA)

* Wear Rates Due to Unstudded Tires Insignificant or Immeasurable.
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TABLE 23 PROFILOMETER DATA IN AVERAGE WEAR RATES IN IN./106 WHEEL
APPLICATIONS FOR INSIDE TRACK

SECTION INITIALL |  MIDDLE2 FINALS OVERALL4

la

WP #7 .181 .079 .101 .120

WP #8 0 0 0 0
I-1b

WP #7 .078 117 .076 .088

WP #8 0 0 0 0
I-2aA

WP #7 .058 .055 .158 .104

WP #8 0 0 0 0
I-2aB

-- - .146 .98

WP #7 )

WP #8 - . 0 0
I-2bA

WP #7 -- - -- .592

WP #8 -- -- -- 0
1-2bB

WP #7 .092 .056 .092 .082

WP #8 0 0 0 0
I-3a

WP #7 -- -- .342 .385

WP #8 - -- 0 0
I-3b

WP #7 .484 .486 .340 424

WP #8 0 0 0 0

1 Initial = 0-30% '

piadle = 30-60% L of 1.6 X 106 wheel applications
4 overall = 0-100%
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PROFILOMETER DATA

AVERAGE WEAR RATES IN INCHES/10® WHEEL APPLICATIONS

SECTION INITIALL MIDDLEZ FINAL3 OVERALL#
I-4a

WP #7 .284 .261 .301 .285

WP #8 0 0 0 0
I-4b

WP #7 . 406 .255 .338 .336

WP #8 0 0 0 0
I-5a

WP #7 .380 .348 .531 .435

WP #8 0 0 0 0
I-5b

WP #7 .261 .541 .379 .387

WP #8 0 0 0 0

, Initial = 0-30%

3 Middle - 30-60% of 1.6 X 106 wheel application

4 oOverall = 0-100% :
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Table 24 shows the different wear rates for the center track. It can
be seen that the initial wear rates are very high compared to the other wear
rates. This can be definiteiy correlated to the time the studded truck tires
stopped wearing the pavement and there was shift in truss weight to the outside
truck tire. It is difficult to say which of the surface textures resisted the
stud effect the best. The final values shown in Table 15 do not allow for
definite conclusions. It can be said the different surface textures, formed
while the portland cement concrete was plastic, showed no great advantage for
wear resistance. The reason is that the textures probably consisted of sand
cement mortar deficient in coarser aggregate, and thus little strength to resist

the tire studs.

THE DIFFERENT TYPES OF STUDS AND WEAR

A1l studded tires tested caused abnormal wear on all surfaces of the
test track. A table was made using comparative pavement wear. The type #3
stud was used as 100% wear and the wear from the other types was calculated
as a percentage of type #3 wear. This was called Percentage Wear (P.W.).

Wear ratios (W.R.) were calculated on the basis of Percentage Wear (P.W.).
The fesu1ts are shown in Table 25. The unstudded tire wear was not used as
standard since the wear was so slight that much error was involved.

Table 25 shows that type #2 and type #1 studs reduced wear on the pave-
ment in that order. Although type #1 studs were not tested under manufacturer's
conditions for pin movement and controlled protrusion, it still showed consid-
erable reduction in pavement wear as compared to type #3 studs. Type #2 studs,

in most cases,on the outside track showed the most reduction in wear.

|



TABLE 24 AVERAGE WEAR RATES FOR CENTER TRACKS’- INCHES/'IO6 WHEEL
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APPLICATIONS
SECTION | SURFACE TEXTURE INITIAL' MIDDLE2 FINAL3 OVERALL#4
C-la Heavy Long. Brooming .214 .0339 .0065 .089
C-1b Light Transverse Brooming| .162 .103 .065 112
C-2a Heavy Transverse Brooming | .144 .031 .016 .066
b Burlap .207 .0154 .0083 .081
C-3a Longitudinal Grooving .224 .0179 .0096 .088
b Light Long. Brooming .257 .016 .0191 .102
C-4a Transverse Grooving .256 .0102 .0130 .098
b Light Transverse Brooming | .256 .0099 .0182 .100
C-5a Light Plastic Grooving .219 .0027 .0148 .080
b Light Plastic Grooving .119 .0599 .0126 .065
C-6a Med. Long. Brooming .261 .0260 0 .099
b Light Long. Brooming .289° -6 --6 .082
1 0-494,220 wheel applications
2 494,220 - 936,663 wheel applications
3 936,663 - 1,390,935 wheel applications
4 0 - 1,390,935 wheel applications
5 Initial rate 0 - 287,520 wheel applications
g Data not available

path #5

Wear rates are insignificant for unstudded truck tires in wheel
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COMPARISONS WITH OTHER STUDIES

THE MINNESOTA STUDY ‘

It is difficult to compare different tests. The Minnesota study (29)
done by American 0i1 Company was completely different than that done by WSU.
The American 011 Company test track is smaller and completely inside where
the environment can be controlled. The WSU test track was completely open to
all elements. The test speeds were completely different--35 mph for the
Minnesota study versus 20-25 mph for the WSU study. The temperature was
25°F + 5 and continuously wet for the Minnesota; the WSU temperature varied
with the weather. The Pavements were different to some extent as those at
WSU were built using normal construction equipment whenever possible compared
to the Minnesota study where the pavements were built in the laboratory. The
edges of the channels were ground down in the Minnesota study while WSU's
channels' edges were left to develop naturally. Tires were changed frequently
in the Minnesota study as compared to those at the WSU test track. A1l these
differences in conditions naturally contributed to results which cannot be
directly compared but can be relatively. Minnesota study was done on the type
#3 stud.

Another study was done by the American 0i1 Company (30) for the State
of Minnesota Department of Highways on the type #1 stud. They had the same
problem in obtaining the stud protrusion characteristics of 0.040 inch as
did the WSU study. This, too, was due to the inability of the American 0il
Traffic Simulator to reach speeds of 40-60 mph on bare pavements.

Tables 26, 27 and 28 show comparisons on channeling rates for the type #3,
type #1 studs, and average rut depth for the type #3 studs respectively. The

comparisons are relative only and show fair comparisons. The differences,
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no doubt, reflect the different conditions of tests.

OTHER STUDIES

It is difficult to compare results obtained with the Ontario studies
(25,26,31) because their results are from the field. Rates of wear were
estimated by assuming some ADT with a percentage of cars having studded tires.

The Swedish Road Research Laboratory (24,32) with their traffic
simulater obtained average wear depths of 6.9 mm per 200,000 wheel passes;
this is equivalent to 0.272 inches per 200,000 wheel passes and 1.15 inches
/106 wheel passes. Since the type of studs used and conditions of tests were
different or not mentioned, it is very difficult to make any meaningful
comparisons, except that WSU rates were considerably lower.

Hode Keyser (33) found wear rates of 0.11 inches per 100,000 wheel
applications for bituminous concrete and 0.10 inches per 100,000 wheel
applications for concrete wear rates. Unfortunately, if one assumes that the
wear rates continue to be the same, the rut depth would be quite high after
a million wheel passes. The WSU results are lower which may be due to the

conditions of test.
COMPARISON WITH NORMAL HIGHWAYS

The wheel paths on a highway are larger than those on the test track.
The WSU researchers measured a few Washington State highways and found
that the tire wheel path measured about 36 inches. Since the test track wheel
path as shown in Figures 22 and 23 was 9.50 inches, this means that the rates
of wear should be divided by 3.8 to obtain the proper rate of wear for one
million wheel passes. This factor would give a fair estimate of the rate of

wear for the different pavement types. It should be remembered that in
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areas of acceleration and deceleration, the wear rates should be increased
by a factor of 3 and 2 respectively, as found in other studies (33). Other

adjustment factors for estimating "real world" effects would include accurate

information on number and tyne of studded tires in use for time periods involved.

Temperature effects should also be considered.
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APPENDIX A

CONSTRUCTION SCHEDULE - RING 5
October 1, 1971 "

This month was spent removing the old existing pavement and bases,
and preparing the subgrade. The density was checked by nuclear
methods. Due to the poor weather, crushed rock was used to improve
the subgrade characteristics.

A 6.0" deep layer and 10 foot wide section of Class "F" asphalt

concrete base was laid with a Blaw-Knox paver throughout the
whole ring. This was done in two Tifts.

During the last week of October, wooden forms for the center track
and part of the inside and outside track was built for portland
cement concrete sections. Reinforcing steel was put in the center
track.

November 2, 1971 Tuesday
Portland cement concrete was poured in the center and inside ring.
The surface textures were put in. Curing compound was put on and
the portland cement concrete was insulated with layers of straw and
polymer plastic sheets. Air temperature varied between 35-45°F.

November 3, 1971 Wednesday =
Poured portland cement concrete in the outside track in sections
0-la, 1b, N-2a 1 & 2 and 0-2b. In 0-2a3, three inches of Class "E"
asphalt concrete was put in. A1l regular portland cement concrete
work was finished. |

Chuck Henager of Battelle worked with putting in the Wirand(B)Concrete
in Sections 0-1bA,B,C,D and in 0-2aA and B. Air temperature hovering
about 40°F and overcast. The Wirand(:)Concrete materials was hand
weighed and then mixed in 1/4 cu. yard electric mobile mixer. No
curing compound was put on the WirandC§>Concrete as they were too

wet. No curing compound was put on the portland cement concrete
sections which will have polymer concrete topbping. A1l sections

were insulated from the cold. -
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November 4, 1971 Thursday
It was raining very hard in the morning. Roger LeClerc and Ray
Dinsmore of Washington State Highway Department visited the track.
The weather cleared by 10:30 a.m. and the 3" Wirand(:>section was
poured at 11:15 a.m. It was mixed in a Central Pre-Mix transit
truck. Longitudinal grooves, using the Washington State Highway
Department's tools, were put in this section at 1:30 p.m. Then
it was covered with insulation.

November 9, 1971
The insulation cover on portland cement concrete was removed and
all the straw was swept off the track. United Paving, Inc. put
on tack coat on the inside and outside rings.

November 1N, 1971

Air temperature at 2 p.m. = 50°F

1) The portland cement concrete was swept.

2) Plastic lined cardboard was put over the portland cement concrete
to protect it from asphalt concrete.

3) United Paving, Inc. crew laid crushed rock in shoulders to bring
them up to the level of the-aspha1t treated base.

4) The Class "B" asphalt concrete in sections 0-6a & b and I-6a & b
was put in three layers of 2 inch thickness because the asphalt
concrete was compacted with a wacker. By 1:15 p.m., the asphalt
concrete temperature was 150°F.

5) At 1:30 p.m., started laying the Class "G" asphalt concrete in
three layers in section I-5 and N-5a & b. Temperature of first
lTayer was 290°F.

A Vibro-Plus Compactor CL21 and a motor driven hand tamper was
used to compact the sections. ,

6) The second layer of Class "G" was laid at 2:10 p.m. with the
asphalt concrete temperature = 370°F. Density was checked with
a nuclear density equipment.

7) At 3:30 p.m., started laying the Class "B" asphalt concrete in
section I-4 and 0-4a & b.
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First Tift at 3:30 p.m. asphalt concrete temperature

air temperature

325°F
48°F

The Class "B" was coarse looking and much segregation was

occurring due to the hand work required.

Second 1ift at 4:05 p.m. asphalt concrete temperature
air temperature

Third 1ift at 4:15 p.m. asphalt concrete temperature

air temperature
8) The compaction was completed using a small steel roller by

November 11, 1971

280°F
47°F
330°F
47°F
5:30 p.m.

At nine a.m. and air temperature = 44°F with no wind, we started
laying the Class "E" asphalt concrete at 8:30 a.m. in three layers

of 2 inch Tifts. Temperature of Class "E" asphalt concrete in

truck and first 1ift = +300°F.

At 9:00 a.m., second 1ift put on, asphalt concrete temperature = 230°F
At 9:00 a.m. second batch from plant arrived and was put on the
inside track. The asphalt concrete temperature in truck was 275°F.

The temperature 1ift was 200°F.

At 10:00 a.m., the last Tift on the inside ring was 1a1d. The air

temperature was 48°F with a s1ight wind coming up.

At 10:25 a.m., started rolling the outside ring and finished at

1T a.m. The surface looked coarse with voids. It was difficult
to get good nuclear density readings. Some of this may have been
due to the cold asphalt concrete which made it difficult to obtain

optimum compaction.

November 22, 1971

Air temperature = 36°F. The Gilsabind was sprayed in the mornings

on sections 0-3b and 0-4b at 0.11 gallon/square yard a5 90°F.

At 4 p.m. the Idaho Chip Seal was put on in the inside section I-6.
Air temperature = 32°F. Temperature of the RC800 with Pliopave

190°F and sprayed at 0.25 gallon/square yard. Both the aggregate

and pavements were heated. The aggregates were put on at 25#/sq. yd.

@)
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The asphalt seal coat started to cool off near the portland cement
concrete inside track. The job was finished at 4:40 p.m. as it
was too cold to do the outside track.

Max ‘Huffaker and his staff from Materials Chemistry laid a short
section of polymer concrete in the 1" section and 1/8" overlay in
the other (see construction schedule for the polymer concrete
sections).

November 23, 1971
Air temperature = 33°F, wind blowing at 5-10 mph.
Temperature of RC800 = 210°F.

10 a.m. sprayed it too thick on the pavement and ran out; had to
heat up a new batch. Too much was sprayed and more aggregate was heated

to put on it to soak up the excess asphalt RC800 at 10:30 a.m.
A batch of 1" thick polymer concrete was put in.

12:30 p.m. Air temperature = 35°F with 15 mph wind.

Temperature of RC800 = 240°F.

The aggregate and pavement were heated. Sprayed the RC800 and put
on the aggregate and rolled the rest of the outside sections.

The polymer concrete was put in 0-la, 2 inches thick; section looked
very rough. They also put in part of the 1" polymer cement in
0-2bA and 0-2bB. 1:45 p.m. it started snowing.

November 29, 1971
Laid some more polymer concrete in 0-1la.
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POLYMER CONCRETE SCHEDULE

Each section was covered with a special insulated box which was heated
with a bank of Tlights for at least 24 hours before the polymer concrete was

placed.

SECTION n-1a 2" THICK X 22 FT. X 3.5 FT.

This section cast using 1 part by wt. epoxy, 1 part portland cement,

4.8 parts sand, 6.9 parts rock as the basic mix with the addition of approxi-
mately 1 part water.

The first three feet was placed on November 23, however the Tights had
been -turned off the day before and the concrete was cold. This gave trouble
with nriming the surface with epoxy.

The next 10 feet was placed on November 29 with the surface somewhat
warmer but wet. When priming the concrete surface a trowel was used to
spread the enoxy and it was worked into the surface. When water was standing
on the surface it was forced off to the side by the epoxy.

The last nine feet was placed on November 29; however, the basic mix

was altered in that 50% of the portland cement was replaced by an equal weight

of flyash from the Centralia Power Plant. Water was reduced to approximately

3/4 parts by weight.

The finish on the entire length was accomplished by use of a 2" x 4"
x 4'. The 2 x 4 was used to strike off the concrete to the proper level and
as a tamping tool to work the large aggregate into the surface. This mix was

very hard to lay. Warmer weather would have helped.
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SECTION 0-2b 1" THICK X 11 FT. X 3.5 FT.

This section was cast using 1 part by weight epoxy, 1 part portland
cement, 5 parts sand. Approximately 1 part water was required to give the
desired workability.

The first 18 inches (one Mix) was placed on November 22; by the next
morning this piece had hardened and the rest of the section was cast on
the November 23. This entire section was warm and dry when the topping
was applied; however the air temperature did get down to 33°F by the end of
the afternoon.

A11 of section N-2b was primed with epoxy the same as section 0-la.

The finish was achieved by working the epoxy concrete down approximately
the proner level and then placing a sheet of polyethylene over the surface
and troweling it flat. When the polyethylene was removed enough of the epoxy

clung to the sheet that a rough surface remained.

SECTION 0-2b 1/8" THICK X 11 FT. X 3.5 FT.

This section was applied by troweling the same mixture used for the
1" topping into the epoxy priming coat. This seemed to work very well. Some
of the area required greater than 1/8" to bring the surface up to the proper
grade. This caused great difficulty because of the’1ow temperature since the
mix had lots of time to cool and because the thin layer was cooled rapidly in
the air. The pre-warmed surface was getting quite cool by the end of the day.

As a result somewhat of a poor surface was left over part of the area.
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TABLE A-2 PORTLAND CEMENT CONCRETE MIX DESIGN]

Ingredients2
Cement Type II, 1bs. 611
Sand, T1bs. 1,462
3/4" - Aggregate, 1bs. 1,787
Water, 1bs. 208
Darex AEA, oz. 7.5
Properties:
Air-Entrainment 3.5
STump 3"

1 This mix design conforms with the Standard Specifications

of the State of Washington for a class AX, 6% sack
type II Portland Cement Concrete Mix.

2 Expressed as quantities per cubic yard.
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TABLE A-6 POLYMER CONCRETE MIX DESIGNS

PARTS BY WEIGHT

INGREDIENTS MIX Al MIX B2 MIX 3 MIX D4
Epoxy 1 1 1 1
Portland Cement 1 1/2 1 1/2
Sand® 4.8 4.8 5 5
3/4" - Aggregated 6.9 6.9 —- --
Flyash® -- 1/2 -- 1/2
Water 1 3/4 1 1
T Mix "A" was used in sections 0-1aA and 0-1aB.
2 Mix "B" was used in section 0-1aC.
3 Mix "C" was used in sections 0-2bA, 0-2bB, I-2aA and I-2bB.
4 Mix "D" was used in sections I-2aB and I-2bA.
5

Sand and 3/4" - aggregate conformed with standard specifications

of the State of Washington for fine and coarse aggregates for port-
land cement concrete mix designs.

6 Flyash used was obtained from the Centralia Power Plant, Centralia,
Washington.



141

231910U00 J0
19218 pe3ledniiod
JIDATND yYour ZT

J1Teseq

TII14

SANSLLANAN L LN LeE AN LLLEN)

ALOSISILLLIND D LLLNINS, \ff:: DA LLLL

w0°0T = I :TEOTIISA

,0°6 = ,T :Te3luozIliol
dTVDS
“UTRH
w0’ €
TeTIoleR
po1oaTes 981n0)

moa 8uroezyang
peysniy jo ¢

S A.,nu ﬂuwwmw. PPN
Yo R AN L \G\_o

o

.0..

*\\\\\\\\\\\\\\X\\

NLLLINILLA IS

uoTIBAD
WWLOTTT Ta 70

I
10

39adu0) 3Teydsy ,d, SSEBID
[4
11}

e¢Z pue g[ SNOILI3S 40 NOILI3S-SSOUI TWIIdAL  L-Y JN9IA



142

9s1no)
dojg, 3urdegang
paysnijy jo ¢

:0.0H = :H SsTeOTII=A
,0°6 = ,1 :[eIUOZTIOH
d4dTVDOS
ITTS °snoTed ¢ 1
"UTH.LE Teta=iel
e . pe3oaTas
. if Ly M, asan0n
T N~ AT T doj, 8uroejang

OV o 7 oS paysni) 3o ¢
w10 | R

T P AP 1>
s PR B, < b))

° U ° < '.w. . .. e 0... . . O.cQQQQoMQ-“-“-O 02 ,Q\A\‘V..@V
° ¥ aTL (] G le ¢
,0°9 RGP

Je0) oeBL 1TeRUdSY

sjeo) MJe[ .r

49 03 ®¢ 40 NOILJI3S-SSOHI TVIIdAL ¢-¥Y JN9IA



143

UOL303S-SSou) eulpnitbuor (g

mmMDIQDW UC@W 2NN 222 3NN 2222 WS 22200 22 3N 24 22 A0 LA 2220 2NN LL L AN 2 LLLANNSLLLLEONSN L LN LL LA LN LN LLLLINIIN LA LLLLNNLLINN L
40 Y00y p3Ysnu) 3 \*
.ﬁ&e ! aseg-qng 83340U0) °PIS F § .._._.m
L \\\\\ A e

9 g o ¢ 2 T
1 u’t
"
qeLs ¢ 9
Aelasno | G
Aelasno 1 ¥y
Aela@no ,z/1 €
Aeldano ,2/1 qe
Aelaano 2/ eg
Aeldano ,z2/1 L
SSauo Lyl *ON UoL328%
MaLp dol (e \//
LA doL ( ‘e
1
J134INOJ @UINYYIM LNIW3IJ4I0 IHL W04 SMIATA TWIIdAL €-Y FWN9I4
(I B B (



144

APPENDIX B
PROFILOMETER

PURPOSE
Initially, it was thought that it would be advantageous to have an
instrument capable of simultaneously averaging a number of adjacent profiles.

This average reading would increase the accuracy beyond that obtainable

from single line shadowgraphs subject to parallax and individual aggregate
distortions and single Tine profile devices also subject to individual

aggregate error.

METHOD

A practical compromise was selected between the ideal number of
adjacent points and the structural limitations of the equipment. It was
decided that the initial model should sample and average ten lines spanning
three inches.

Each sampling pin was attached to a capacitor plate which would pivot
at a radius of 10 inches and vary in capacitance linearly with pin position.
As the pins are drawn across the surface, each pin moves individually
varying 10% of the total capacitance change that would be obtajned if all v -
pins moved the same distance. Thus, when all pins are moved through their
entire range, 100% of the capacitance change is obtained within the gauged
capacitance. |

This motion summation capacitor is then read by a capacitor bridge
circuit with a dc voltage output proportional to capacitance. This output
volgage is then recorded on a chart recorder calibrated to give full scale

deflection for one-inch average change in profile.
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The chart and pin carriage speed were selectively matched to give a

calibrated display for a given distance of measured profiles.

PROBLEMS
A few corrections are to be incorporated into the next models to
eliminate minor problems. These are as follows:
1. Structural changes in support beam to eliminate errors due to
beam sag, presently being removed from data by computer techniques.
2. The addition of a distance traveled indicator and marker to
allow corrections and verifications in carriage drive.
3. The addition of a digital recorder output to facilitate the

direct input of the data to computers.

LIMITATIONS
Since it is impossible to obtain a perfect point source, the cross
sectional area of the groove is reduced by the cross sectional area of the

rod measuring the groove.
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APPENDIX C

DATA PROCESSING PROCEDURES

INTRODUCTION

The Tlarge quantities of data involved in this project and the accuracy
of that data make the handling and analysis of great interest. Great care
has been taken to obtain any and all data that might be of significance to this
project. Types of data recorded include: pavement channeling and deformation,
tire wear, stud wear, pavement temperature, rainfall, snowfall, and skid
tests. The collection of the data at the degree of accuracy we demand was
made possible through the use of equipment designed and built by the resident
engineers of the Washington State University, College of Engineering Research
Division.

When possible, data was taken by more than one method. This provided’

a double check on the significance of our findings.

REDUCTION AND COMPUTATION

After collection, all data is reduced to computer punch cards. The
pavement wear data is reduced with the help of a Benson-Lehner, Model F
Decimal Converter, that is tied directly to an IBM 026 card punch. This is
an excellent high accuracy method for converting graphic or plotted data to
computer compatible form. A1l other data is placed on punch cards by hand and
verified.

The data cards are then fed to an IBM 360/67 computer. Additional
equipment includes a Calcomp Pen Plotter that is used to produce all graphs

and plots for the project. The computer program that makes the raw data

|
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understandable was developed specifically for Project 1168 and is constantly

being added to and modified to further meet our requirements.

HIGHWAY COMPUTER PROGRAM

This program was written in Fortran IV programming language and is
designed to be able to grow easily to continue to fit the ever growing needs
of the project. It includes the Calcomp Plotter within its control’region,
making it possible to obtain graphs of all data, raw or calculated, against
all other data. Calculated data includes average and maximum stud wear,
pavement wear, and multiple site average pavement wear for each of the 13
types of pavement. A1l data is available to the program as further calculations

and outputs are anticipated.
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APPENDIX D

LOG OF OPERATIONS FOR RING NO. 5 - 1972

Total Operating Time Revolutions Air Temperature
Month  Day Speed Range
Hours | Minutes MPH Daily | Accumulated High | Low
February 11 2 20 10-15 597 597

14 11 28 20 4588 5187 32 31

15 11 55 20 5053 10240 42 32

16 15 27 20 6315 16555 44 28

17 17 40 20 7262 23817 34 31

18 15 02 20 6160 29977 44 34

19 10 12 20-22 4354 34331 46 37

20 15 56 20 6636 40967 39 28

21 5 43 20 2376 43343 36 30

22 20 06 20-22 9049 52392 36 27

23 14 53 20 6573 58965 38 30

24 20 53 20 8709 67674 36 29

25 19 06 20 7984 75658 35 26

26 18 43 20-21 7298 82956 36 28

27 21 25 20 9597 92553 52 35

28 17 30 20 6656 99209 50 42

29 22 28 20 9361 108570 38 27

March 01 19 51 20 8327 116897 32 28
02 22 33 20 8761 125658 42 30

03 20 14 20-25 9219 134877 40 26

04 23 55 25 11913 146790 43 28

05 24 00 25 12051 158841 53 32

06 20 54 25 10017 168858 46 26

07 09 25 4402 173260 34 27

08 42 25 3392 176652 56 40

09 16 55 25 8446 185098 62 40

10 21 45 25 10915 196013 57 38

1)
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LOG OF OPERATIONS FOR RING NO. 5 - 1972

Total Operating Time Revolutions Air Temperature
Month  Day Speed Range
Hours | Minutes MPH Daily Accumulated | High [ Low
March 11 23 13 25 11676 207689 55 36
12 8 26 25-20 3677 211366 47 38
13 22 48 20 9307 220673 48 38
14 16 23 20 6680 227353 49 35
15 18 12 20 7367 234720 52 31
16 22 23 20 8881 243601 66 39
17 18 42 20 7605 251206 65 44
18 22 39 20 9193 260399 48 39
19 22 18 20 9219 269618 50 37
20 20 34 20 8560 278178 53 32
21 18 31 20 8450 286628 57 34
22 21 06 20 8688 295316 62 40
23 21 46 20 9357 304673 40 29
24 19 14 20 7548 312221 46 29
31 10 14 20 4221 316442 63 36
April 01 21 00 20 8633 325075 58 36
02 22 18 20 8631 333706 49 23
03 6 49 20 2728 336434 42 20
08 13 16 20 5219 341653 44 31
09 22 11 20 8073 349726 47 26
10 19 43 20 7971 357697 57 26
11 21 53 20 9054 366751 43 35
12 20 13 20 8616 375367 40 28
13 22 07 20 8994 384361 44 27
14 8 52 20 3645 388006 48 30
15 7 24 20 2942 390948 46 38
16 22 24 20 8917 399865 42 29
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LOG OF OPERATIONS FOR RING NO. 5 - 1972

Total Operating Time Revolutions Air Temperature
Month  Day Speed Range
Hours | Minutes MPH Daily | Accumulated High | Low
April 17 22 06 20 9085 408950 38 22
18 20 10 20 8240 417190 46 20
19 19 17 20 8049 425239 54 32
20 22 00 20 8943 434182 53 32
21 22 20 20 9130 443312 46 28
22 19 28 20-15 8218 451530 48 24
23 22 09 15 6788 458318 66 31
24 20 32 15-20 8105 466423 55 36
25 23 06 20 9390 475813 52 34
26 21 05 20 8425 484238 60 26
27 21 08 20 8449 492687 70 34
28 22 05 20 7876 500563 50 36
29 22 36 20 8972 509535 48 29
30 22 42 20 8603 518138 53 21
May 1 14 30 20 6231 524369 61 25
2 18 14 20 6463 530832 68 39
3 21 33 20 7985 538817 74 34
4 8 32 20 3504 542321 76 36
5 15 5-20 36 542357 80 40
TOTAL 1304 12
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APPENDIX E

HIGH AND LOW DAILY SURFACE PAVEMENT TEMPERATURES - °F - 1972

Portland Cement Concrete Asphalt Concrete
Month Day High Low High Low
W
February 11 39 29.5 42 29
14 43 30.5 50 31.5
15 47.5 33 50.5 33
16 50 42.5 56.5 42.5
17 39 35.5 42 36
18 60 36.5 74 36.5
19 54 36 59.5 35
20 47.5 31 51.5 30.5
21 50.5 27.5 55 27.5
22 51 32.5 59 36.5
23 56 31.5 65.5 32
24 45.5 31.5 50 31.5
25 54.5 31 53 31
26 41.5 30 42.5 30.5
27 45.5 37.5 50 39
28 70.5 42.5 69 46
29 55.5 30 57.5 29
March 01 37.5 29 42 28
02 47 32.5 ‘ 44.5 33
03 46.5 28 52 28
04 50.5 29 55 30.5
05 53.5 35.5 58.5 38.5
06 53.5 29.5 59.5 29
07 67 27.5 78.5 27.5
08 61.5 31.5 64 31
09 82 41.5 91.5 40
10 64.5 41.5 68.5 42
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HIGH AND LOW DAILY SURFACE PAVEMENT TEMPERATURES - °F - 1972

Portland Cement Concrete Asphalt Concrete
Month Day High Low High Low
= = |
March 11 47.5 43 48.5 43.5
12 48.5 45 43 46
13 54 40 57 32
14 74.5 33.5 86 33.5
15 70 33.5 79.5 34
16 81 40.5 87.5 4]
17 80 41 90 40.5
18 50 40.5 53 39
19 56.5 39 60 39
20 72.5 35.5 75 36
21 67 41 76 40
22 74.5 44 84 44
23 63.5 33 67.5 32.5
24 62.5 33 70 32.5
31 58.5 26.5 66.5 25
April 01 76 45 80 44
02 74 29.5 84 29.5
03 87.5 26 97 26
08 51 32 58 30
09 68.5 28.5 76 29
10 67 31 77.5 31
1 47.5 39.5 48.5 39.5
12 -- -- -- --
13 54 35 58 34.5
14 67.5 36.5 73.5 36.5
15 59.5 41 67.5 41
16 62 33.5 68.5 33.5
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HIGH AND LOW DAILY SURFACE PAVEMENT TEMPERATURES -°F - 1972

Portland Cement Concrete Asphalt Concrete
Month Day High Low High Low
W
April 17 55 27.5 66.5 27
18 78.5 25.5 83.5 26
19 81.5 28 93 24.5
20 72.5 36 82 35.5
21 54 33 66.5 31.5
22 78 26.5 94 27.5
23 91 34 91.5 34.5
24 65 43 74 40.5
25 70 38.5 70 37.5
26 90.5 31.5 100 28.5
27 95.5 39.5 105 39.5
28 54 40 63 38
29 71 32 86.5 30
30 74 28.5 92 26
May 1 101 30.5 112 28
2 102 42 112 40
3 101.5 39.5 109 34
4 104.5 42 124 38
5 106 45 122.5 | 36
AVERAGE 64.4 34.8 71.2 34.3
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